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WR LQWHUYDOV LQIRUPDWLRQ LQWHUSRODWLRQ ZDV FDUULHG RXW E\ VTXDUH SRO\QRPV )RU WKH DQDO\VLV RI GDWD WKH IDFWRU
DQDO\VLVZLWKXVHRISURFHGXUHRIURWDWLRQRI9(5,0$;LVXVHG'DWDRI$XJXVWZKHQDFWLYLW\RIELRORJLFDO
SURFHVVHVLVKLJKLWZDVDQDO\]HGIDFWRUVDOORFDWHGWKHILUVWWZRRIZKLFKGHILQHDERXWSHUFHQWRILQIRUPDWLRQ
DQG LQ WRWDO DOORFDWHG IDFWRUV H[SODLQ  SHUFHQW RI WRWDO GLVSHUVLRQ RI FKDUDFWHULVWLFV'\QDPLFV RI WKH DOORFDWHG
IDFWRUVKDVWKHH[SUHVVHGGDLO\FKDUDFWHU0DMRUIDFWRUVDUHWKHDLUWHPSHUDWXUHWRWDOUDGLDWLRQVKRUWZDYHDQGORQJ
ZDYHUDGLDWLRQUHODWLYHKXPLGLW\WHPSHUDWXUHDQGKXPLGLW\RIWKHVRLODWGLIIHUHQWGHSWKV3$5NLQHWLFHQHUJ\RI
WXUEXOHQFH DWPRVSKHULFSUHVVXUH IULFWLRQVSHHG7KHVH LQGLFDWRUV DUH LQFOXGHG LQPRVW FDVHV LQWR VWUXFWXUHRI WKH
ILUVWWZRIDFWRUVGHILQLQJSHUFHQWRIWKHJHQHUDOGLVSHUVLRQ
:DUPLQJ RI FOLPDWH FDQ OHDG WR FRQVLGHUDEOH DFFHOHUDWLRQ RI SURFHVVHV RI GHFRPSRVLWLRQ RI WKH RUJDQLF
VXEVWDQFHZKLFK LV VDYHGXS LQ SHDWODQG0HWKRGV RI IRUHFDVWLQJRI D UHVSRQVH RIPDUVK HFRV\VWHPV WR FOLPDWLF
LQIOXHQFHVDUHFRQVLGHUHGLQZRUNV>@,QWKHPWKHG\QDPLFPRGHVRIFLUFXODWLRQRIFDUERQUHIOHFWLQJUHDFWLRQRI
DQHFRV\VWHPWRFKDQJHRIH[WHUQDOFRQGLWLRQVDUHLQYHVWLJDWHG7KHSLORWVWXGLHVRIDQH[FKDQJHRIFDUERQEHWZHHQ
ERJV DQG WKH DWPRVSKHUH ZKLFK ZHUH FDUULHG RXW LQ WKH WHUULWRU\ RI 5XVVLD DUH UHIOHFWHG LQ ZRUN >@ DERXW 
UHIHUHQFHVDUHDQDO\VHG7KHUROHRIERJVLQIRUPDWLRQRIFOLPDWHLVDPELJXRXV:KHQVWXG\LQJJUHHQKRXVHHIIHFW
VLPSOHUHJUHVVLRQPRGHOVDUHRIWHQXVHG7KHLUDSSOLFDWLRQUDLVHVGRXEWVLQDGHTXDF\RIVXFKDSSURDFK
7KH SXUSRVH RI WKLVZRUN  E\PHDQV RI DPHWKRGPDLQ D FRPSRQHQW WR DQDO\VH WKH GDWD REWDLQHG E\ WKH HGG\
FRYDULDQFHPHWKRGWRDOORFDWHWKHPRVWHVVHQWLDOLQGLFDWRUVRIDFHUWDLQSHDWODQG)LJ



)LJ7KHVFKHPHRIDQDUUDQJHPHQWRIPHDVXULQJV\VWHPRQDERJVLWH±PLQHUDOIRUHVWLVODQG±PHVRHXWURSKLFJUDVVPRVVHVIORZIHQ±
ROLJRWURSKLFSLQHVKUXEFRWWRQJUDVVVSKDJQXPFRPPXQLWLHV±PHVRWURSKLFVKUXEJUDVVVSKDJQXPFRPPXQLWLHV±HGJHIHQ±ERUGHURI
WKHSHDWODQG
2EMHFWRIUHVHDUFKDQGGDWDDQDO\VLV
1.1 Object of research 
5HVHDUFKHV ZHUH FRQGXFWHG IURP $XJXVW  WR $XJXVW   RQ WKH PH]]ROLJRWURI\ ERJ RI 0HGOD3HY1\XU
ORFDWHG LQ D VXEEDQG RI DQ DYHUDJH WDLJD LQ WKH (XURSHDQ1RUWKHDVW RI 5XVVLD LQ  NP RQ WKH QRUWKZHVW IURP
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6\NW\YNDU 7KH.RPL 5HSXEOLF   
 1/   
 (/2Q D ERJ VLWH ZKHUH WRRNPHDVXUHPHQWV YHJHWDEOH
FRPPXQLWLHVSUHYDLO&DUH[URVWUDWD6WRNHV±2[\FRFFXVSDOXVWULV3HUV±&DUH[ OLPR]D/±6SKDJQXPVS
$QGURPHGDSRO\IROLD/±2[\FRFFXVSDOXVWULV±6FKHXFK]HULDSDOXVWULV/±6SKDJQXPVS7KHLQVLJQLILFDQWVSDFH
WR LVRFFXSLHGE\ROLJRWURIQ\ FRPPXQLWLHV&KDPDHGDSKQH FDO\FXODWD /0RHQFK±2[\FRFFXVSDOXVWULV±
$QGURPHGD SRO\IROLD ± 6SKDJQXP VS7KH DUHD RI D ERJ LV  KHFWDUHV WKH DYHUDJH SRZHU RI SHDW P DQG
PD[LPXPP7KHPHDVXULQJV\VWHPWXUQHGRQWKHVRQLFDQHPRPHWHU&6$7&DPSEHOO6FLHQWLILF,QF86$
DQGRSHQSDWKLQIUDUHGJDVDQDO\VHU/L$/L&RU,QF86$6DPSOLQJRIDLUZDVPDGHDWWKHKHLJKWRI
P'DWDUHFRUGLQJZDVPDGHZLWKDIUHTXHQF\RI+]0LFURFOLPDWHSDUDPHWHUVDLUWHPSHUDWXUHDQGVRLOV3$5
IDOOLQJDQG WKH UHIOHFWHGVRODU UDGLDWLRQHWF UHJLVWHUHGDQDXWRPDWLFPHWHRURORJLFDOVWDWLRQE\PHDQVRI UHJLVWUDU
&5&DPSEHOO6FLHQWLILF,QF86$7HPSHUDWXUHDQGYROXPHKXPLGLW\RIWKHVRLODUHPHDVXUHGDWGHSWKVRI
FPGHSWKDQGFPGHSWK
1.2 Data  
,QDUWLFOHWKHIDFWRUDQDO\VLVE\WKHGD\RIGDWDIRU$XJXVWLVFDUULHGRXW


)LJ$YHUDJHGDLO\YDOXHVRIFRQFHQWUDWLRQRIPHWKDQHDFDUERQGLR[LGHEDLUWHPSHUDWXUHVFDQGYHUWLFDO
FRPSRQHQWVRIDYHFWRURIVSHHGGE\GDWDIRU$XJXVW

)RUWKHDQDO\VLVYDULDEOHVDUHXVHGFRQFHQWUDWLRQRIPHWKDQHPPROPPHWHUFRQFHQWUDWLRQRIFDUERQGLR[LGH
PPROPFRQFHQWUDWLRQRIZDWHUYDSRUPPROPDLUWHPSHUDWXUH&FRPSRQHQWVRIDYHFWRURIVSHHGRI89
:PVDWPRVSKHULFSUHVVXUHVTXDUHVRISXOVDWLRQVDVSHHGFRPSRQHQWVWUHDPVRIWKHSXOVDWLRQVWUHDPVRIKHDW
PHWKDQH FDUERQ GLR[LGH ZDWHU YDSRU GHULYDWLYHV RI FRQFHQWUDWLRQ RI PHWKDQH FDUERQ GLR[LGH ZDWHU YDSRU
WHPSHUDWXUH D FRPSRQHQW RI D YHFWRU RI VSHHG DWPRVSKHULF SUHVVXUH DQG DOVR VRPH LQWHUDFWLRQV LQ WKH IRUP RI
ZRUNVFRQFHQWUDWLRQRIPHWKDQHDQGFDUERQGLR[LGHFRQFHQWUDWLRQRIPHWKDQHDQGZDWHUYDSRXUFRQFHQWUDWLRQRI
PHWKDQH DQG WHPSHUDWXUH FRQFHQWUDWLRQ DQG FRUUHVSRQGLQJ FRPSRQHQW RI D YHFWRU RI VSHHG FRQFHQWUDWLRQ RI
PHWKDQHDQGDWPRVSKHULFSUHVVXUHFRQFHQWUDWLRQRIZDWHUYDSRXUDQGWHPSHUDWXUHFRQFHQWUDWLRQRIFDUERQGLR[LGH
DQGWHPSHUDWXUHFRQFHQWUDWLRQRIFDUERQGLR[LGHDQGZDWHUYDSRXUDWPRVSKHULFSUHVVXUHDYHUDJHGRQPLQXWH
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LQWHUYDOVWKHDLUGHQVLW\DVWUHDPRIFDUERQGLR[LGHDVWUHDPRIWKHKLGGHQKHDWUHODWLYHKXPLGLW\WRWDOUDGLDWLRQ
WKH DOEHGR WKH IDOOLQJ DQG WKH UHIOHFWHG VKRUWZDYH UDGLDWLRQ IDOOLQJ DQG WKH UHIOHFWHG ORQJZDYH UDGLDWLRQ
WHPSHUDWXUHDQGKXPLGLW\RIWKHVRLODWGHSWKVRIFPDQGFP3$5WKHNLQHWLFHQHUJ\RIWXUEXOHQFH
WHPSHUDWXUHRQDVRLOVXUIDFHFDOFXODWHGRQORQJZDYHUDGLDWLRQWKHVSHHGRIIULFWLRQX
$YHUDJHGDLO\YDOXHVRIFRQFHQWUDWLRQRIJUHHQKRXVHJDVHVDQGWKHYHUWLFDOVSHHGRIDZLQGDUHSUHVHQWHGLQ)LJ

 5HVXOWVDQGGLVFXVVLRQV
)LJUHSUHVHQWVW\SLFDOGLVWULEXWLRQRIRZQQXPEHUVRIFRUUHODWLRQPDWUL[HVZKLFKZHUHFRQVLGHUHGIRUHDFKGD\RI
$XJXVW)URPWKLVGUDZLQJLWLVYLVLEOHWKDWE\.HWWHO
VSULQFLSOHLWLVDOORFDWHGIDFWRUVDQGE\WKHSULQFLSOH
RZQQXPEHUVELJ± IDFWRUV DQG IDFWRUV H[SODLQDERXWSHUFHQWRIGLVSHUVLRQRI VLJQV DQG IDFWRUV
H[SODLQDERXWSHUFHQWRIWKHJHQHUDOGLVSHUVLRQDQGWZRIDFWRUV±DERXWDKDOI

7DE)DFWRUORDGLQJVRIVRPHYDULDEOHVIRUVHSDUDWHGD\VRI$XJXVW
'DWH
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3DUDPHWHUV
7±DLUWHPSHUDWXUH5±WRWDOUDGLDWLRQ7VB7VB±VRLOWHPSHUDWXUHDWGHSWKVRIDQG
+VB+VB±YROXPHKXPLGLW\RIWKHVRLODWWKHVDPHGHSWKVUHVSHFWLYHO\
.(7 ± NLQHWLF HQHUJ\ RI WXUEXOHQFH ZKLFK ZDV FRQVLGHUHG DV WKH VXP RI NLQHWLF HQHUJ\ DYHUDJH
FRUUHVSRQGLQJVSHHGYHFWRUFRPSRQHQWQRWSXOVDWLRQV
X±WKHVSHHGRIIULFWLRQ&+±FRQFHQWUDWLRQRIPHWKDQHPPROP
&2ࡳFRQFHQWUDWLRQRIFDUERQGLR[LGHPPROP
+2ࡳFRQFHQWUDWLRQRIZDWHUYDSRXUPPROP
7±ZRUNRIFRQFHQWUDWLRQRIZDWHUYDSRXURQDLUWHPSHUDWXUHPPROPɋ
89:±UHVSHFWLYHO\FRPSRQHQWVRIDYHFWRURIVSHHGRIDZLQGPV
([SUHVVLRQVLQDQJXODUEUDFNHWV!PHDQRSHUDWLRQRIDYHUDJLQJLQPLQXWH
X¶ Y¶ Z¶ ± SXOVDWLRQV D VSHHG YHFWRU FRPSRQHQW ,Q EUDFNHWV DIWHU YDOXH LW LV VSHFLILHG LQ WDEOHV WKH
LQGLFDWRUHQWHUVZKDWIDFWRURI)
)±WKHILUVWIDFWRU)±WKHVHFRQGHWF

,Q7DEIDFWRUORDGLQJVRIVRPHYDULDEOHVLQVHSDUDWHGD\VRI$XJXVWDUHSUHVHQWHGLQWDEOH±IDFWRUORDGLQJVRI
ZLQGFKDUDFWHULVWLFVWKHLUSXOVDWLRQVDQGFRQFHQWUDWLRQRIJUHHQKRXVHJDVHV'DWDIRU$XJXVWDQGRQ$XJXVWLQ
YLHZRIEDGTXDOLW\ZHUHQRWDQDO\]HG7KHVWUXFWXUHRIIDFWRUVFKDQJHVRIGD\VE\GD\V7KHUHIRUHLWPDNHVVHQVH
WRXQLWHUHVXOWVRIDOOFDOFXODWLRQVLQWKHILQDOWDEOHLQZKLFKIUHTXHQFLHVRIUHSHDWDELOLW\RIWKHVHRUWKRVHLQGLFDWRUV
LQIDFWRUVDUHSUHVHQWHGDQGE\WKDWWKHJURXSRIWKHPRVWLQIRUPDWLYHLQGLFDWRUVZLOOEHDOORFDWHG



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
)LJ2ZQQXPEHUVRIDFRUUHODWLRQPDWUL[E\GDWDIRU$XJXVW

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$XJXVW LQIOXHQFHRI VSHHGRI IULFWLRQ LVERWK LQ)DQG LQ):RUNRI FRQFHQWUDWLRQRIZDWHUYDSRXUDQGDLU
WHPSHUDWXUHRI+27,VLQWHUHVWLQJRWKHUFRXSOHVRIZRUNVZHUHXQLQWHUHVWLQJDQGIXUWKHUZLOOEHH[FOXGHGIURP
FRQVLGHUDWLRQDQGWKHUHIRUHUHVXOWVDUHQRWSXEOLVKHGDQGKHUH7KDWUHVXOWLVUHSUHVHQWHGLQWHUHVWLQJWKDWQRWDOZD\V
FRPSRQHQWVRIDYHFWRURIVSHHGRIDZLQGHQWHUWKHILUVWVL[IDFWRUV2Q$XJXVWWKH\HQWHUHGRQO\WKHVHYHQWK
IDFWRU$OVRQRWDOZD\VDOOFRPSRQHQWVRIDYHFWRURIVSHHGHQWHURQHIDFWRU)RUH[DPSOHRQ$XJXVWLHGLIIHUHQW
FRPSRQHQWV RI D YHFWRU RI VSHHG FDQ KDYH GLIIHUHQW YDOXH:H ZLOO QRWLFH WKDW VXFK KDSSHQV UDWKHU VHOGRP ,Q
DGGLWLRQ FKDUDFWHULVWLFV RI VRLO SURFHVVHV 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ZHUH QRW DOZD\V LQFOXGHG LQWR RQH
IDFWRUVRPHWLPHVLQIOXHQFHRIYDULRXVGHSWKVZDVYDULRXV
3HUKDSVLWVKRXOGEHDGGHGWKHDQDO\VLVRIVZLIWIORZLQJFKDUDFWHULVWLFVZLWKWKHGLIIHUHQWSHULRGVRIDYHUDJLQJ7KH
DQDO\VLV WR WKLVZRUN LQFOXGHGVRPHSDUDPHWHUVDYHUDJHRQ WKHGLIIHUHQWSHULRGV$PRQJWKHP± WKHDWPRVSKHULF
SUHVVXUHDQGDYHUWLFDOVWUHDPRIKHDW5HVXOWVIRUDWPRVSKHULFSUHVVXUHZHUHLQGHSHQGHQWRIWKHDYHUDJLQJSHULRG
KHDW VWUHDPDYHUDJHRQDPLQXWH LQWHUYDORI WLPHSUDFWLFDOO\ZDVDOZD\VDPRQJ)) IDFWRUVKHDW VWUHDP
DYHUDJHRQPLQXWHLQWHUYDOVSUDFWLFDOO\ZDVQHYHUDPRQJWKHILUVWILIWHHQIDFWRUV
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
x )URPWKHFRQVLGHUHGPXOWLSO\LQGLFDWRUVRIWKHPRVWLQWHUHVWLQJPXOWLSO\RIFRQFHQWUDWLRQRIZDWHUYDSRXUDQG
DLUWHPSHUDWXUHLQUHSUHVHQWHG
x 7KHVWUXFWXUHRIIDFWRUVFKDQJHVRIGD\VE\GD\V
x ,Q WKH UHJUHVVLRQPRGHOVGHVFULELQJ WKHVHRU WKRVHFKDUDFWHULVWLFV LW LVQHFHVVDU\ WRFRQVLGHUQRWRQO\ WKHDLU
WHPSHUDWXUHEXWDOVRRWKHUFKDUDFWHULVWLFV
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